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   The effects of drugs or materials on living cells are generally studied in monolayer of cells 
which are two dimensional (2D) and cannot replicate the complex interactions and properties of 
the native tissues. 3D-tissue models which can reproduce properties and structure of the native 
tissues will provide more predictive results for the design of a drug-carrier to treat diseases. 
Recently, we have reported the construction and characterization of 3D-arterial wall models 
(3D-AWMs) by hierarchical cell manipulation. In this research, the author had developed a 
system for evaluation of permeability and accumulation of drug carriers by using the human 
3D-AWMs for treatment a vascular disease, such as atherosclerosis. The 3D-AWMs will provide 
better understanding of the interaction of materials with the arterial wall, and appropriate 
physical properties, such as size, morphology, component, and surface property of the drug carrier 
which affect the permeability across the arterial walls for the development of drug carriers. 
   In Chapter 1, multi-layered tissues of fibroblasts from different cell sources, cell line and 
primary cells, were cultured for 1 month to evaluate the change of their structure and cell 
number. The survival of cell in the 5-layered normal fibroblast tissues was investigated in detail 
during 1 month of culture. The importance of cell source for tissue construction and survival 
mechanism of cells in the layered tissues will be pointed out in this chapter. The finding from this 
chapter will be significant for the applications of these 3D-tissue models in the later chapters. 
   In Chapter 2, the 3D-AWMs were applied to evaluate the transport of nano-materials across 
the 3D-AWMs for the design of a drug carrier for vascular disease. The effect of 3D-structure on 
the stability and response to an inflammatory cytokine of the 3D-AWMs was demonstrated. The 
effect of material size and components on the transport across the 3D-AWMs will be discussed. 
The candidate nanoparticles (NPs) for a drug carrier was selected and its size effect on 
accumulation in vascular tissue, which is an important property of a drug carrier, was 
investigated. In the end of chapter, the accumulation NPs was evaluated in animal model of 
atherosclerosis to confirm this finding. 
   In Chapter 3, the candidate NPs for a drug carrier selected from the Chapter 2 were loaded 
with paclitaxel (PTX). The drug loading efficiency and release property in vitro were studied. The 
anti-proliferative effect of PTX-loaded NPs was evaluated with smooth muscle cells in monolayer 
culture. The long-term effect of PTX-NPs on the cell growth suppression will be discussed. 
   In Chapter 4, the treatment effect of PTX-NPs was evaluated in 3D-tissue using the 
3D-AWMs. The effect of PTX-NP concentration on the change in thickness of 3D-AWMs during 
culture was evaluated to mimic the treatment of early-staged atherosclerosis. Finally, the 
treatment effect of PTX-NPs in vivo was studied using a mouse model of atherosclerosis. This 
study showed that by using an evaluation system of nanomaterials for a drug carrier, a candidate 
drug carrier was obtained and its potential application was finally demonstrated. The 3D-AMWs 
will be very useful for design and development of a drug carrier for atherosclerosis. 
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第 3 章では、第 2 章で最適化されたナノ粒子（NPs）に薬剤であるパクリタキセル（PTX）を担持させている。また、
PTX 担持 NPs（PTX-NPs）のマウス実験での PTX 放出挙動を評価し、NPs の性状と重要な関係があることを見いだし
ている。 
 第 4 章では、3D-AWM を用いて PTX-NPs の治療効果を検討し、3D-AWM の有用性を解明している。さらに、マウ
ス実験での PTX-NP の治療効果を検討し、その有用性を見いだしている。 
以上のように、本論文は 3 次元構築した血管壁モデルが疾患を治療する薬剤キャリアを設計する上で有用であるこ
とを示したものであり、本モデルの薬剤スクリーニングなどへの応用が期待される。 
よって審査の結果、本論文は博士論文として価値あるものと認める。 
 
